Despite the recent advances in the theory of location, the analysis of the role of services surrounding production activity has been largely neglected. This paper analyzes the colocation of a multinational firm's value chain in the enlarged European Union. Depending on its particular characteristics, each function (or activity) would favor different country characteristics. Opposing this dispersion force, vertical linkages between stages can encourage firms to co-locate different activities in the same country. We use recently collected individual firm data on almost 11.000 location choices for a 5 year period and 23 countries. We analyze the determinants of location choice for each activity, including sectoral and functional agglomeration variables. We also illuminate the co-location of functions at the firm level, specifically that of R&D and production.
Introduction
The fragmentation of the production process is now a major theme in research in International Economics. However, this research is still restrictive since it mainly considers the manufacturing or industrial aspects of fragmentation and the underlying globalization process. Krugman (1995) argues that the international value-chain decomposition is one of the four major aspects of modern international trade theory. He calls it "slicing up the value chain" and includes in its definition a large number of service activities. The international fragmentation carried out by multinational organizations should not be limited to that of the industrial process. We use the terminology "function" to refer to a stage or an activity which is part of the firm's value chain, and where the production stage itself only accounts for one stage 1 . As described by the World Investment Report (UNCTAD, 2002, pages 121-123) : "[I]nternational production systems have emerged within which TNC's locate different parts of the production processes, including various services functions, across the globe [...] [T]he organization and distribution of production activities and other functions in what is commonly known as the global value chain. It extends from technology sourcing and development, production, to distribution and marketing." Feenstra (2003) notes that this aspect of globalization has not been widely studied except in economic sociology and geography 2 . Despite the recent advances in location theory, 3 existing studies only consider production plant location choices and largely neglect all service functions surrounding production activity. More generally, very few theoretical or empirical papers directly analyze the internationalization of service activities. One reason may be that while it is a very interesting research issue, it is also more complex to study due to the lack of data and the difficulties in linking it to theory. Thus, it is not surprising that, to our knowledge, the location of a broader range of multinational firm functions has never been econometrically tested. This paper attempts to fill this gap in the economics literature.
First introduced by Jones and Kierzkowski (1990) , the theory related to the fragmentation phenomenon has been given a number of different names 4 . Multinational firms play an important role in this process through the vertical separation of activities, in order to exploit international factor-cost differences or through horizontal investments, where production plants are duplicated in several countries to get access to other markets 5 . Unfortunately, until now, 1 This terminology has been previously used by Duranton and Puga (2005) . 2 See Gereffi and Korzeniewicz (1994) and Kenney and Florida (1994) in economic sociology and Dicken et al. (2001) and Yeung (2001) in geography. 3 See Head et al. (1995) , Head and Mayer (2004) . 4 Including de-location, disintegration of production, fragmentation, global production sharing, offshoring. 5 On the former, see Helpman (1984) . On the latter, see Markusen (1984) and Brainard (1997). empirical research has had difficulties in demonstrating the validity of this classification. In fact, as noted by Grossman et al. (2003) " [W] ith more countries and more stages of production, some organizational forms do not fit neatly into either of these categories".
A few recent papers have underlined the organizational complexity of multinational firms. Yeaple (2003) considers the common classification into two types of investment, horizontal and vertical, as highly restrictive when compared to the diversity of multinational location strategies. Neary (2002) and Ekholm et al. (2003) highlight the importance of export platforms. Hanson et al. (2001) argue that a distinction has to be made between production-oriented and distribution-oriented investments, where this choice does not reflect the export-versus FDI decision common to standard models in the literature, since the latter is only about alternative production modes. Our contribution is to focus on the role of pre-and post-production services activities which are thus widely neglected by the existing theories of fragmentation.
We aim to shed light on the determinants of the location of different parts of the firm's value-chain. To do that, we use a unique data set recently collected by the consulting group Ernst & Young. Data of almost 11000 location choices was collected at the individual firm level covering the period 1997 to 2002. We consider non-European firms' investments in both the "old" European Union (EU) countries and the new accession countries. In fact, EU enlargement is a unique event in the process of studying the fragmentation of the production process across countries.
We discuss the likely location choice of the different stages taking into account their need for high skill or low skill workers and their wish of being located near the market. Multinational firms decide on the location choice of each stage by considering country characteristics, such as factor costs and/or market size. Comparative advantage differences across countries could lead to a spread of value chain activities, and the market access motivation could lead to the duplication of some of these activities. In addition to country characteristics, we follow the existing location choice theory and consider the influence of previous multinational firms' investments in a location. Consistently with the Duranton and Puga (2005) model, we find that service activities are sensitive to the functional aspect but not to the sectoral dimension. For production plants, the sectoral dimension remains very important.
Finally, we consider that firms could locate different stages of their value-chain near each other in order to save coordination costs and to benefit from complementarities. We analyze empirically the within-firm location of different stages of the value chain. We show that related activities are concentrated in a specific country due to vertical linkages between functions. This is the case between R&D and production plants, where both activities seem to have a strong attraction to one another. Surprisingly, the location of headquarters does not appear to have an impact on the location choice of any other part of the value chain.
The remainder of the paper is organized as follows: In section 2, we develop the theoretical model. Section 3 discusses the econometric model. Section 4 explains the database and variables used. Section 5 presents the econometrics results, while section 6 concludes.
Theoretical discussion
Our study is designed to analyze the location determinants of the different stages of multinational firms' value chain. Considering the firm's value chain implies that the following stages are taken into account: service activities surrounding the production stage, which include upstream stages or pre-production activities such as headquarters (HQ) or research & development (R&D) centers, and also downstream stages such as the service activities associated with the direct sales to the consumer, i.e. logistics and sales & marketing activities.
The Knowledge-Capital Model (Markusen, 2002) provides a synthesis of the international organization of the multinational firms' production process. Allowing for vertical fragmentation, firms can locate their headquarters and their production in a different country. In this model, headquarters location is chosen solely on the basis of factor price, whereas the location of the single plant depends both on factor prices and market size. The model also allows for horizontal investments where firms can undertake the production activity in multiple countries, in order to save transport costs.
But considering service activities greatly complicates the analysis. More precisely, preproduction and post-production activities cannot simply be integrated in a two country model assuming a set of final goods. Exploring different models which could explain the recent increase in service offshoring, Markusen (2005) mentions some of the reasons why it is difficult to explain white collar services (re)location using current models: " One is that they may be firmspecific rather than bought and sold on arm's-length markets. Another is that they may form part of a particular production sequence, such as being a well-defined upstream (design) or downstream (after sales service) component of overall production. A third is that there may be crucial complementarities among different elements of the production chain [. . . ] ".
Country characteristics
Considering first the interaction between country and stage characteristics, it seems reasonable to believe that relatively skilled-labor intensive stages would be located in the most skilledlabor abundant countries. Maurin and Thesmar (2004) , who study the occupational structure of French manufacturing firms, show that workers working in service activities are more skilled than those associated with production. So, it seems reasonable to consider both upstream and downstream service activities as intensive in high skill labor and the production stage as low skill labor intensive.
In addition to these two factors, we will consider that the countries' judicial quality could be an important factor in explaining the functions' location. More specifically, strategic functions such as headquarters or R&D activities could be highly sensitive to the legal environment with regard to contracts 6 .
In the Knowledge-Capital Model (Markusen, 2002) , while production plants face a tradeoff between low variable cost and high market access, the location choice of service activities, such as headquarters, is only based on countries' factor endowments. However, the relationship between market size and service activities location is probably more complex. As noted in the Markusen (2005) quotation (see above), service activities surrounding production process can be well-defined as upstream or downstream, leading to a specific relationship for each sequence of the value chain with the market. So, location of downstream activities could be viewed as highly related to the market size and therefore, this stage is necessarily located near final consumers. Alternatively, upstream activities don't sell anything to consumers, so their location could then be viewed as independent of the market. But even in the latter case, the literature has developed several arguments explaining the importance of the market size for upstream activities 7 . Head et al. (1995) have also considered the previous location of multinational firms as an im-portant factor in order to explain location choice. In fact, much evidence suggests that firms belonging to the same sector tend to cluster in the same regions or countries. While the sectoral aspect make sense when considering the choice of the location of production plants, this is much less clear when considering the service function, as emphasized by Duranton and Puga (2005) . In an urban economics framework, these authors consider the transformation of urban structures from mainly sectoral to mainly functional specialisation. In fact, the separation of firms' activities should generate a new form of city specialisation based on function. Services are more likely to be located in big cities and production plants in small and low wage cities.
Functional versus sectoral agglomeration
The Duranton and Puga (2005) model then predicts that production plants would be more likely to be affected by the sectoral dimension and service functions by the functional one.
Therefore, in our study of the location choice, two forms of agglomeration could arise. The former is sectoral: activities belonging to the same sector are located in a specific country. More precisely, we will consider the agglomeration around production plants in the same sector.
The latter is functional: activities belonging to the same function but not to the same sector are taking place in the same location.
Co-location of activities
Country characteristics are not the only element to determine the location choice of each element of the value chain. As noted by Markusen (2005) service activities are likely to be firm-specific rather than bought and sold on arm's-length markets, and there may be crucial complementarities among different elements of the production chain. Then, if each stage of the value chain is produced apart from the other stages, firms would probably face additional costs due to the need for coordination and the loss of complementarities between stages. This could lead to co-location between functions within the same country due to vertical linkages between stages.
Vertical linkages and within-firm co-location have already been proved to be prevalent.
Notably, in a study on the location determinants of Japanese firms in the United States, Head et al. (1995) have shown the strong co-location of affiliates in the same region, due to the vertical linkages between affiliates within a Japanese group known as a Keiretsu. Nevertheless, Smith and Florida (1994) , as one of the first, explicitly consider relationships between two distinct parts of the production process. They study the investment of Japanese auto-related parts suppliers and show that they tend to locate near Japanese assembly plants. A more recent paper by Chung and Song (2004) shows the sequential nature of investment of Japanese electronics firms in the United States. Prior investments of a firm seem to strongly influence the location choice of its subsequent investments.
Econometric Model

Basic methodology
In order to estimate the model, we use individual firm location choices and study the location of multinational firm investment in 23 European countries 8 . The most commonly used econometric modelling technique for this type of problem is the conditional logit model (CLM) proposed by McFadden (1984) . Each location decision is a discrete choice made among several alternatives.
While the true profits, yielded by alternative locations, cannot be observed, one does observe the actual choice of each firm and the characteristics of the alternative locations. Suppose R = (1, ..., r, ...o) is the set of possible location countries. Each location offers a profit of π r such that
with
where U r depends on observable characteristics (X r ) of each location choice r, β is a vector of coefficients to be estimated by maximum likelihood procedures and ε r is the unobservable advantage of the location r. The firm will choose r if the profit at this location is higher than those obtained in any other alternative location. Hence, the probability of choosing r is :
Limitations of the conditional logit
The crucial assumption of the CLM is that the error terms are independently and identically distributed according to a type I extreme value distribution. It leads to the simple probability of choosing location r
One of the main assumptions of CLM has to do with the Independence of Irrelevant Alternatives (IIA), which implies that choosing one country is independent of the destination choice set: working on a sub-sample or on the whole enlarged European Union should produce the same results (except of course for the loss of information in the omitted location decisions). But unobserved characteristics of the choosers and unobserved correlations across element choices can cause a violation of the IIA assumption (Train, 2003) . In such a case, estimations of logit models are inconsistent. The use of the specification test proposed by Hausman and McFadden (1984) shows that the IIA assumption is violated, due to individual heterogeneity which can lead to a disturbance of the distribution of the errors and inconsistency of the estimators.
Mixed logit
One way to relax the IIA assumption is to introduce individual random effects and to estimate a mixed logit model (MLM) (Brownstone and Train, 1999) 9 .
The utility of person l from alternative r is specified as: π lr = β l X lr + ε lr where X lr are observed variables that, in our case, relate to the decision-maker, β l is a random vector of coefficients which vary over decision-makers in the population with density f (β) and ε lr is a random term with the same properties as in the CLM. Thus, we can write the utility map as:
where β m and β s characterize the distribution of β, i.e., its mean and deviations. Following Train (2003) , the unconditional choice probability is:
We estimate β m and β s with simulation methods, assuming that f (β) is normal 10 . Variables directly linked to firms would be considered as fixed coefficients 11 . This methodology will allow us to eliminate differences in location choices of the multinational firms due to their 9 Introducing fixed effects at the country level removes some forms of bias that might arise. Unfortunately, our data only covers a five year period, and so variables defined at the country level do not remain significant. Another way to relax the IIA assumption is to use a nested logit model as Head and Mayer (2004) . Unfortunately, no geographical structure seems to be relevant simultaneously for all parts of the value-chain. So, this would have introduced difficulties when comparing results for each function. Another solution could have been to implement a count data model. Notably, Guimarães et al. (2003) demonstrate the close relationship between the conditional logit and poisson model. The advantage of the latter is that it is not related to the IIA assumption. Unfortunately, this methodology aggregates the individual firm data, and does not allow the study of individual firm characteristics, as within-firm co-location variables. 10 Estimations would be obtained considering 250 simulations. 11 In fact, introducing heterogeneity among firms around a firm's specific variables would not make sense.
heterogeneity. In fact, we do not want this aspect to affect estimators directly linked to country characteristics.
Data
Description of the database
The theory will be evaluated by econometric tests based on our database of multinational firms' new location in Europe over the period 1997-2002 covering more than 11000 projects 12 .
The EIM (European Investment Monitor) database which has been developed by the consulting group Ernst & Young, identifies the project-based foreign inward investment announcements that are new, expanding, or co-located in an international context. The main sources of information are newspapers, financial information providers (such as Reuters), and national investment agencies (such as the Invest in France Agency ). When the consulting group discovers a new project, they track it in order to determine the exact location at the city level. Projects included in the database have to comply with several criteria to be considered as international investments. The database excludes acquisitions, license agreements, and joint ventures (except in the case where these operations lead to an extension or a new establishment). It also excludes retail, hotel and leisure facilities, fixed infrastructures, extraction facilities, and portfolio investments. There are no minimum investment size criteria, but the number of investments where less than 10 jobs are created, turns out to be very low.
The investment project data are at the individual firm level and the data provide information on investments made in our sample of European countries by European and nonEuropean firms, except for investments in the home country. It includes the name of the firm, the parent company name, the name and the origin country of the parent company, the sector and both the country and the city of location. It also includes the function of each investment (unit of production and different service activities, such as headquarters, research & development centers, logistics, or sales & marketing offices).
At the country level, table 1 shows that the number of investments in the production activity is less than one half of the total number of investments realized by multinational firms. One would expect that the fragmentation of the production process drives the different parts of the value chain to be located in accordance with countries' characteristics. From the same table, we can observe that production investments in Central and Eastern Europe (CEE8) countries 13 represent 72% compared to 42% in the EU 15. Figure 1 shows maps of the geographical distribution of the five functions (headquarters, R&D, production, logistics and sales & marketing office) during the period 1997 to 2002. To correct for size, we consider the number of investments for each function divided by the countries' population. Some countries such as the UK, Ireland or Belgium, relative to their population size, attract a total number of investments that is 30% above the European average for all the functions. At the opposite end, Portugal, Spain, Italy and Greece, and again as a share of their population size, attracted a total number of investments that is 30% below the European average for the five functions. 
Construction of the dependent variable
We will introduce a restriction on the data set in order to obtain a coherent and homogeneous subset. Notably, we are able to distinguish projects between real creations (also known as greenfield) and extensions (e.g. brownfield) 15 . This latter category is not directly linked to the location choice determinants. Consequently, we only utilize real creations for the construction of the dependent variable.
Delimitation of the functional area: We only consider five functions : production plant, headquarters, R&D centers, logistics, sales and marketing office. Other functions are available 16 but we could not use them due to the limited number of investments.
1. Headquarters : This function corresponds to all the administration, management and accounting activities localized internationally. It includes decision centers, but our data does not allow us to know exactly their importance in the global decision process and none correspond to the principal decision center. In fact, investments realized in the home country are not considered in our dataset. Most of these centers correspond to European or regional headquarters or are only intended for the network organization at a national level.
Research & Development centers :
This function is be related to fundamental scientific research, but also to applied development directly linked to the production process. We cannot distinguish between centers dedicated to the development of new products or to the adaptation to the local market of existing products.
3. Production plants : This corresponds to the whole entity related to the physical production of goods.
Logistics : This function refers to all the entities linked to goods transport, including
warehousing (e.g. regional good distribution). They can be internal to the firm or external logistics, involved in distribution to customers or with suppliers. It can also be viewed as acting as an intermediary between component production and assembly. 
The independent variables
Testing the theoretical framework implies the consideration of three types of variables. First, we will study host country characteristics. More precisely, we consider high skilled and low skilled labor input (in terms of endowments and wages respectively) in addition to governance and market size variables. Second, we also consider functional and sectoral aspects according to the Duranton and Puga (2005) Sales sector G Our theoretical framework predicts that the coefficient associated with this variable should be negative and significant for production plant, for which labor costs are the most important factor.
Education: As a proxy for high skilled labor, we consider the percentage of 20 to 29 year olds with a tertiary education (ISCED 22 5 and 6) in mathematics, sciences or technologies for the period 1997 to 2002 23 . In light of our theoretical discussion in the beginning of this paper, the location of service activities could more influence by the presence of local human capital, so we expect the a higher coefficient for the four service functions compared to the production activity. It is more ambiguous in the downstream stage, because on the one hand, it is a service activity, and on the other hand, due to high transport costs, the location of consumer-related functions could also be only determined by the market size.
Judicial Quality: As a way to consider specific political characteristics which could be important in the European countries, we use an indicator of the quality of the judicial system 21 We assume identical within-function hours worked per year among countries. To our knowledge, no data of annual hours worked per capita are available at NACE rev.1 desegregation for all European countries in our sample. 22 International Standard Classification of Education. 23 Capturing the education level of the labor force is difficult. Notably, some cultural aspects play a major role.
Specifically, the comparison of central European countries, which have been highly influenced by the communist system, with western European countries, is problematic. For example, with respect to secondary school enrolment in 2001, the fourth highest level countries are CEE8 countries and the ninth lowest are EU15 countries.
computed by Kaufmann et al. (2004) for the year 1997 to 2002. The variable, called "rule of law", is established on the basis of polls of experts or surveys of businessmen/citizens. The variable is related to the perceptions of the effectiveness and predictability of the judiciary, and the enforceability of contracts.
Demand : We divided the demand variable between the internal market, using GDP in constant US$ 1995, provided by Cepii (Chelem) for the year 1997-2002, and the "external market potential". The latter, inspired by Harris (1954) , is the sum of the GDPs of all other countries weighted by their distance D ij to the chosen location. We use distance between capital cities as provided by the Cepii.
The model predicts that demand coefficients should be positive and significant for downstream stages. Production is viewed as an intermediate stage. The relationship between upstream activities and market size is more ambiguous. In fact, the interpretation of GDP coefficient is difficult. In fact this variable is highly correlated with country population 24 and could also be viewed as a size variable, with which the number of establishment locations would systematically increase.
Functional versus sectoral specialisation:
We consider the functional and sectoral dimensions in each possible country. To compare the importance of these two aspects, we build two variables using the stock of investments realized by multinational firms for the years 1997 to 2002. We take into account all the projects of the sample (greenfield and brownfield). More precisely, we include all the established extensions (which represent about one third of the total number of projects) realized during the period 1997-2002 and which have not been created during this period 25 . This allows us to consider these investments as anterior investments, to which we will add the new establishment creations realized during the years before the specific investment studied. In this way, we are able to build the stock of investments 26 . Thus, the number of past investments is naturally growing with time. In order to study precisely the history of location of a specific site, we would have to consider for each function only one possible investment for each parent company and for each city 27 . Finally, we exclude all projects realized by affiliates of the parent company of the firm realizing the investment.
In order to consider the functional aspect, we build the variable Functional count which corresponds to the log of the stock (plus one) 28 of foreign establishments in the studied function in the country r by all firms, excluding parent company affiliates, and for all sectors, excluding the sector of the investing firm, see table 5. Different from our dependent variable, we consider both manufacturing and non-manufacturing firms 29 . The sectoral dimension is considered through the variable Sectoral count which corresponds to the log of the stock (plus one) of foreign establishments in the production activity in the same sector as the investing firm in country r by all firms (excluding parent company affiliates), see table 5. Following Duranton and Puga (2005), we expect that a production plant would be affected by the sectoral dimension, while service functions should be more likely to focus on the functional one 30 .
Co-location variables:
Vertical linkages between the different stages of the value chain are likely to encourage multinational firms to co-locate functions in order to save coordination costs. In this study, we only consider national co-location. To do this, we build five "colocation" variables, one for each function f . We build the historic establishment, identically to the sectoral and functional variables, for each parent company and for each function in all countries r 31 . The variable takes the value 1 if the function f has already been previously carried out in the country by one of the affiliates of the parent company and 0 otherwise 32 .
This allows us to consider vertical linkages between functions, which would lead to withinfirm co-location between activities in a specific country. This variable would be integrated as a fixed coefficient when implementing the mixed logit. In fact, the variable defined at the parent company level can be considered as specific to the firm. 27 We count as just one investment, all the projects in a specific function and in a particular city (the most detailed geographical level) for each parent company. For example, if a firm decides to locate two production plants in the same city, we only consider this investment once. This allows us to establish an investment history at the city level, and to avoid double counting. This methodology also serves to eliminate from our functional and sectoral variables the within-firm agglomeration of the same function at the city level. 28 In order to consider the logarithm, even with zero investment, we add one 29 For example, we would count in the stock of headquarters HQs the location of financial sector firms. 30 It is possible to consider our sectoral and functional variables as reflecting agglomeration effect as in Head et al. (1995) . They can also be considered as endogenous and only reflecting omitted variable bias. In this case, these variables would permit us to shed light on the functional and sectoral dimensions, not present in the other explanatory variables. 31 In the case of a joint venture, we consider an investment for each parent company engaged in this investment. 32 Considering simultaneous investment in a country of two or more activities could lead to endogeneity problems.
For this reason we consider in our explanatory variable previous investments only. In addition, we implement five independent regressions to avoid interaction between possible simultaneous choices. [1997] [1998] [1999] [2000] [2001] [2002] by their distance to the location choice. regressions ; one for each of the five functions 33 . We implement both conditional logit (tables 6 and 8) and mixed logit (tables 7). We begin with the study of country determinants as well as functional and sectoral aspects and then the co-location variables. All country variables are in logs, 34 which enables us to consider the coefficients to be a relatively precise approximation of the elasticity of the probability of choosing a particular country with respect to the considered variable for the average investor. In table 8 we will introduce a country fixed effect in a CLM with the vertical co-location variables between functions. 33 We have also estimated the five regressions simultaneously. It provides basically the same results using conditional logit, but we had difficulties in implementing it using mixed logit due to computational limitations. 34 Including the Education variable, whose coefficient would be interpreted as a percentage variation.
Functional and sectoral dimensions
Country Characteristics
The comparison of country determinant coefficients across the different sequences of the value chain will enable us to gain insight as to the possibility of function specific effects. The Mixed Logit Model (MLM) (table 6) mostly provides the same results as the CLM (table 7) on the country characteristic variables.
In line with the theoretical discussion, unit wage costs have a negative and significant coefficient on production plant and a non-significant one for service activities. For the latter, the both the education or governance level at a location are relevant, but each in a distinctive manner. Location of upstream activities is influenced by the quality of the legal system while it is not influenced by the education level. This result, which seems surprising at first, is plausible if we consider as quasi-similar the education level in the CEE8 and EU15 countries. In this case, the judicial quality and contract environment seem more suitable for explaining the extremely low number of locations of the headquarters and R&D functions in the CEE8 (see table 1 ). The location of downstream stages seems, however, to be better explained by the level of education rather than the governance level. The significant and large coefficients show that downstream stages' location choices are not fully determined by the size of the market and their locations can be influenced by higher education levels.
Turning to the demand variable, GDP coefficients are positive and significant at the 1 percent level for all service activities. This finding is difficult to interpret. In fact, this variable can be viewed as representing the demand size as well as a proxy for country size. It could also be an important factor for upstream activities, notably for R&D location, as noted by Kuemmerle (1997) . Even more surprisingly, the production location choice is not influenced significantly by GDP 35 . A more accurate market size variable could be the use of the External Market Potential. The coefficient for this variable is in line with our expectation: for location of downstream functions this demand variable is of great importance 36 . In contrast, decisions on the R&D location are not determined by external market potential, but for the production plant location the external market potential is again relevant. The only function that behaves 35 This result contrasts with previous studies on production plant location, notably Disdier and Mayer (2004) for French investments in eastern and western European countries. Instead of the stock of investments, most location theory studies include as agglomeration variable the number of foreign investments in the previous year. Using this methodology, we obtain a significantly positive coefficient associated with GDP (with mean around 0.20). Unfortunately, when dealing with service activities, which only count for a small number of establishments, the stock of previous investments is better suited. 36 Another way of considering the international orientation of countries could have been in the use of a "trade openness" variable. Such a variable can simply be defined as the export plus import of each country divided by their GDP. Keeping all other variables unchanged, the introduction of this variable did not affect previous results. The variable was insignificant for all activities except for logistics, for which the coefficient was significant at the 1% level.
differently than predicted w.r.t. market potential is the headquarters function, which obtains a high coefficient significant at 10%. This result contrasts with Davis and Henderson (2004) who study headquarters location at the city level in the United States. In their study, the market potential variable does not affect HQ's location choice. The necessity of a strategic and central location to manage its international networks could explain the significance and size of the external market potential coefficient for the HQ function. It significance could also be due to an omitted variable like corporate tax rates 37 .
Functional versus sectoral specialisation
We now turn to the functional and sector aspects. In line with the Duranton and Puga (2005) model, the sectoral count variable is significant and positive for the production plant location choices, and non-or weakly significant with low values for service functions. In this respect, logistics seems to act as a production activity, and is mainly driven by sectoral aspects. Except in the logistics case, the functional count variable seems to be an important variable for all service functions in line with our expectations 38 . At the urban level, other studies on the location determinants of headquarters in the Unites States have come up with mixed results. Notably, Davis and Henderson (2004) show that the presence of headquarters has a positive impact on headquarters location choice. On the other hand, Strauss-Kahn and Vives (2005) show that location choice is highly dependent on the employment and other HQ locations in the same industry.
Functional co-location and the networks' firms
Previous econometric studies of the determinants of production plants' location have already been found agglomeration effects and vertical links between or within firms to be essential. Head et al. (1995) , using Japanese investments in the United States consider possible supply re- 37 We have corporate tax rates for the year 2000 using data from the Office of Tax Policy Research (www.otrp.org). Unfortunately, they only provide data for 19 countries on the 23 of the sample. For the four other countries, we have used data from official sources of each country. Introducing the corporate tax variable on HQs location choice leads to a non-significant external market potential coefficient. The tax coefficient is (unexpectedly) positive and significant (10%) for HQs. It is negative at 10% for Sales & Marketing and non-significant for all other functions. 38 We also considered an English language variable. (i) we introduced dummies for North-American investments in Ireland and in the United Kingdom. (ii) We used "output" data on English language skills (% of the population who speaks English well enough to take part in a conversation), provided by Eurobarometer survey published by the European Commission. We interacted this variable with a North-American investments dummy. It is interesting to note that the second variable (output on English language) is correlated at 70% with the legal quality variables. In both cases, the variables (i) and (ii) were non-significant for HQ, R&D and logistics and were positive and significant for production and Sales & Marketing. In both cases, all results remain relatively unchanged except for the functional count variable for headquarters' location choice. For this function, the functional stock variable always becomes insignificant. This result comes from the fact that half of all HQs are located in the UK, and that 70% of the HQs located in the UK are American.
lationships or technological spillovers between members of the same industrial Keiretsu. Smith and Florida (1994) explicitly considers relationships between two distinct parts of the production process. They show that Japanese auto-related parts suppliers tend to locate near Japanese assembly plants.
The contribution of this section is the study of co-location variables between functions within the same parent company in a specific country. As mentioned, in the econometric model we estimate β m and β s with simulation methods, assuming f (β) is normal for all variables which are not firm level characteristics. This does not include our co-location variables, which would be considered as fixed coefficients. We do not include the diagonal of the sub- The four service functions surrounding production are all attracted by the production location. R&D and logistics have high and significant coefficients associated with production co-location variables while headquarters and sales & marketing are only weakly significant.
It is interesting to note that service functions are attracted by the production plant when one is looking at vertical linkages inside the firm. In fact, apart from logistics, the sectoral count variables do not seem to have an impact on their location. These results could lead to the hypothesis that functional specialisation arises with the fragmentation of the production process, and sectoral specialisation when within-firm vertical linkages are strong and tend to make firms co-locate their different functions in the same country.
The second important result of the introduction of vertical linkage variables is the colocation between R&D and Production plants. In fact, those functions are highly attracted to each other and the strong vertical linkages between activities are likely to lead to a cumulative effect such as described in the New Economic Geography literature (Krugman and Venables, 1995). R&D is the only service activity which has an attractive effect on production 40 .
More surprisingly, the location of headquarters has a significant negative effect on the affiliates' production plant location choice. In 40% of the production co-location with headquarters, a previous R&D center is also located there, leading to awkward interactions. Removing these specific projects from the headquarters co-location variable or excluding the R&D co-location variable eliminates the headquarters co-location effect on production 41 .
Conclusion
In this paper we focus on location choices of non-European multinational firms in countries of the enlarged European Union during the period 1997-2002. More specifically, we extend the literature by considering upstream and downstream service activities in addition to production activities. We present an theoretical framework and compare its predictions with the empirical results. In addition to the country characteristics, we show that the location of service activities is more affected by functional rather than by sectoral aspects. This finding corroborates theories developed by Duranton and Puga (2005) , even if we consider specialisation of countries instead of cities in our present study. The demonstration of the relevance of functional specialisation at the national level may have policy implications as in our modern service economies it has become less relevant to think of specialisation in terms of sector specialization.
We also analyze the co-location of the different stages of the value chain between affiliates of multinational firms established in the enlarged European Union. We show that both R&D and production activities display co-location. Surprisingly, the location of headquarters does not appear to have any attraction effect on the location of any other part of the firm's value chain. Our work highlights some strategic aspects of location for policy makers. In fact, some functions, such as headquarters or R&D centers, are of strategic importance for both multinational firms and host countries. But as the results demonstrate that, contrary to R&D centers, headquarters do not act as an attractor, this could call for a revision of the current policy orientation away from stimulating headquarters and towards increased subsidies to R&D.
A possible extension of our study would be to carry out a similar analysis at the regional level.
With the increased importance of regional policies in the EU, this geographical scale provides an interesting and relevant next case to study the location of multinational firm investment, in particular for the headquarters or R&D activities.
